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380a Tuesday, February 10, 2014single local minimum in the free energy landscape; longer simulations, on the
order of microseconds, must be treated as non-equilibrium trajectories, as they
often include large, anharmonic transitions between more than one minima
that can lead to significant changes in the protein topology. Because of their
complexity, these long simulations are generally subjected to extensive,
detailed analysis of many parameters (distances, angles, etc.), often causing
the interesting dynamics to be lost in a sea of minutiae. We present a new
analysis method that can be used to simultaneously identify, visualize, and
compare complex events in MD trajectories of proteins. The statistical
approach uses sliding window principal component analysis (sw-PCA) to
identify collective motions that are large but transient, which is followed by
projection techniques to compare motions between trajectories. We illustrate
the method by analyzing microsecond MD simulations of the bacterial leucine
transporter LeuT in complex with the substrates leucine, valine, and alanine
that have been shown to produce different transport phenotypes. In all three
systems we identified transient, hundred nanosecond time-scale collective mo-
tions in the intracellular domains, and found that these motions were coupled
to different, substrate-specific, conformational changes in the primary sub-
strate site. Our results indicate that the method can be a powerful tool in
the analysis of all-atoms MD simulations as both system size and trajectory
length increase.
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Neuronal calcium sensor (NCS) proteins comprise a family of related proteins
that mediate signal transduction in response to calcium, primarily in neurons.
Neurocalcin delta (NCALD) is a member of this family. Though NCALD, like
other NCS proteins, has 4 EF-hand motifs that could potentially bind calcium,
it has been demonstrated that the first EF hand, EF1, does not bind calcium.
NCALD has been purified from the brain and the retina and is thought to
play critical roles in signaling. However, the details of the calcium-
dependent dynamics remain to be elucidated, despite the availability of its
crystal structure. To probe the calcium-dependent changes, we carried out
both experimental and computational analyses. The experimental investiga-
tions comprised of analyses of local conformational changes through trypto-
phan fluorescence, global conformational changes through mobility on
native gels, and dimerization state through gel filtration chromatography.
The wild-type as well as different mutant versions of the protein were used
in these analyses. Meanwhile, atomistic molecular dynamics (MD) simulations
with the explicit solvent model were performed to explore the structure and dy-
namics of the NCALD monomer with and without Ca2þ ions. In this report, the
joint results are presented to provide evidence to support a major role for EF1
hand (which does not bind calcium) in determining the response of the protein
to calcium.
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A variety of proteins work as molecular machines; their motion is coupled
with the function, hence their mechanical properties are important. In the nu-
cleus, many of them interact with DNA. Their mechanisms to recognize and
bind to specific DNA sequences, and the underlying mechanical properties,
are particularly interesting. To elucidate such mechanisms, we started with a
small example, namely transcription activator-like effector (TALE), and stud-
ied its structural properties by molecular dynamics. TALE is a protein in he-
lical shape. Its crystallographic structures with and without DNA bound
suggest that it shrinks and wraps a double-strand DNA. It consists of 34
amino-acid long repeats; each repeat has a nucleotide recognition site called
RVD, so that the entire repeats can specifically bind to a DNA sequence. It
is widely used for TALE nucleases (TALEN) in gene editing, and some
improved mutants are known. Interestingly, non-RVD mutations, which do
not directly contact with DNA, can enhance the activity of TALEN (e.g. Plat-
inum TALEN by Sakuma et al., Sci. Rep. 2013). Recent coarse-grained studies
showed that TALE is soft and can be stretched much to the direction of the
helical axis (Flechsig, PLOS ONE 2014). These results implies that not only
the DNA binding sites but also structural and mechanical properties of the
rest of the molecule may determine the performance. We investigated suchproperties by all-atom molecular dynamics simulations. TALE without
DNA, starting from the DNA-bound conformation, elongated within nano-
seconds, suggesting that it is strongly compressed when bound to DNA. We
conjectured that structures easy to shrink effectively bind to DNA. Some
non-RVD mutants, including that used in Platinum TALEN, indeed showed
shorter equilibrium distances between RVDs, which must fit the nucleotide
positions. Possible mechanisms of positioning and wrapping around DNA
will be also discussed.
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Proteins are dynamical molecules and their ability to adopt alternative confor-
mations is central to their biological function. Examples include motions that
underlie allosteric regulation or ligand binding, or protein dynamics in enzymes
that can modulate the overall catalytic efficiency. Protein motions can often be
described as an exchange between a dominant, ground state structure and one or
more minor states. The structural and biophysical properties of these transiently
and sparsely populated states are, however, difficult to study, and an atomic-
level description of those states is challenging. In an attempt to determine
how well molecular dynamics simulations can capture slow, conformational
changes in protein molecules we have studied two protein systems which are
known to undergo conformational exchange on the millisecond timescale,
and for which structural information is available for both major and minor
states.
Using enhanced-sampling all-atom, explicit-solvent molecular simulations,
guided by structural information from X-ray crystallography and NMR, we
show that current force fields and sampling methods allow us to sample
experimentally-determined alternative conformations with surprisingly high
accuracy. In particular, we find that we can reversible sample both the ground
state and minor state, at that the simulations capture the structure of the minor
states also. Our simulations enable us to calculate the conformational free
energy between the two states, and comparison with experiments demonstrates
a high accuracy.
Our simulations provide insight into the structural and biophysical properties of
transiently populated minor states, and help reinterpret previous experimental
measurements. Further, our results demonstrate that, at least in the two cases
we have studied, modern simulation methods enable us to examine these other-
wise ‘‘invisible’’ states of proteins and describe their structural, functional and
thermodynamic properties.
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In proteins, functional divergence involves mutations that modify structure
and dynamics. Here, we provide experimental evidence for an evolutionary
mechanism driven solely by long-range dynamic motions without significant
backbone adjustments, catalytic group rearrangements, or changes in subunit
assembly. Crystallographic structures were determined for several recon-
structed ancestral GFP-like proteins, and their chain flexibility was
analyzed using molecular dynamics and perturbation response scanning. The
photoconversion-competent (red) phenotype appears to have arisen from a
common green ancestor by migration of a knob-like anchoring region away
from the active site diagonally across the beta-barrel fold. The mutational sites
appear allosterically coupled to the dampening region, while providing confor-
mational mobility to active site residues via epistasis.
We propose that light-induced chromophore twisting is enhanced in a reverse-
protonated subpopulation, activating internal acid-base chemistry and back-
bone cleavage to provide red color. Photoconversion rate measurements
provide a bell-shaped curve, indicating that the reaction is controlled by the
two apparent pKa values 4.5 (5 0.2) and 7.5 (5 0.2) flanking the chromophore
pKa of 6.3 (5 0.1). We tentatively assign these values to the salt-bridged res-
idues Glu222(211) and His203(193), and suggest that reverse protonation may
enhance light-induced active site remodeling. In combination, the crystallo-
graphic, dynamic and kinetic data support a mechanism that utilizes light to co-
ordinate the transient enhancement of Glu222 proton affinity and His65(63)
alpha-carbon acidity, suggesting a concerted process of proton abstraction
and main-chain bond scission. Dynamics-driven hinge migration may represent
